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Involvement of p38 MAPK and ERK

Masakazu Kono a,b, Koichiro Tatsumi b, Alberto M. Imai a,
Kengo Saito a, Takayuki Kuriyama b, Hiroshi Shirasawa a,∗

a Department of Molecular Virology, Chiba University School of Medicine, 1-8-1 Inohana,
Chiba 260-8670, Japan

b Department of Chest Medicine, Chiba University School of Medicine, 1-8-1 Inohana,
Chiba 260-8670, Japan

Received 13 July 2007; accepted 17 October 2007

bstract

The antiviral effects of chloroquine (CQ) on human coronavirus 229E (HCoV-229E) infection of human fetal lung cell line, L132 are reported.
Q significantly decreased the viral replication at concentrations lower than in clinical usage. We demonstrated that CQ affects the activation of

38 mitogen-activated protein kinase (MAPK) and extracellular signal-regulated kinase (ERK). Furthermore, p38 MAPK inhibitor, SB203580,
nhibits CPE induced by HCoV-229E infection and viral replication. Our findings suggest that CQ affects the activation of MAPKs, involved in
he replication of HCoV-229E.

2007 Elsevier B.V. All rights reserved.
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Chloroquine (CQ), a diprotic weak base that increases the
H of acidic vesicles, has been used for the treatment of
alaria and inflammatory diseases, such as rheumatoid arthri-

is. CQ has antimicrobial effects even against viruses, such as
uman immunodeficiency virus type 1 (HIV-1) and SARS-CoV
Sperber et al., 1993; Savarino et al., 2003; Vincent et al., 2005).
owever, the inhibitory effect on SARS-CoV is inactive in vivo

Barnard et al., 2006), and the detailed mechanisms underlying
he antimicrobial and anti-inflammatory effects of CQ remain
oorly understood.

Coronavirus, an enveloped virus, enters the cytoplasm by
ndocytosis and matures in the membrane transport system, such
s the trans-Golgi network (TGN) (Nauwynck et al., 1999; Ng
t al., 2003). ER stress caused by Japanese encephalitis virus

nfection induces the activation of p38 mitogen-activated protein
inase (MAPK) and host cell apoptosis (Su et al., 2002). MAPKs
ncluding ERK, JNK and p38 are involved in cell death (Xia et
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l., 1995) play a crucial role in infection of coronaviruses, such
s mouse hepatitis virus and SARS-CoV (Banerjee et al., 2002;
opecky-Bromberg et al., 2006).

CQ inhibits the activation of p38 MAPK and cytokine produc-
ion caused by CpG DNA (Yi and Krieg, 1998). ERK, another

APK associated with cell proliferation (Xia et al., 1995), is
lso affected by virus infection and CQ (Pleschka et al., 2001;
eber et al., 2002). In this study, we examined the correlation

etween CQ and the activation of p38 MAPK and ERK in human
oronavirus 229E (HCoV-229E) infection, and demonstrated the
nvolvement of p38 MAPK in the replication of HCoV-229E.

To examine the effect of CQ on the viral replica-
ion, virus in the supernatants was quantified by measuring
he HCoV-229E RNA by reverse transcription (RT) real-
ime PCR. RNA from culture supernatants was extracted
y using the QIAamp Viral RNA Mini Kit (QIAGEN)
ccording to manufacturer’s instructions and used for RT

eal-time PCR using specific primers for CoV229E N gene
forward: 5′-CAGTCAAATGGGCTGATGCA-3′, reverse: 5′-
AAGGGCTATAAAGAGAATAAGGTATTCT-3′) and a probe

5′-CCCTGACGACCACGTTGTGGTTCA-3′) (van Elden et

mailto:sirasawa@faculty.chiba-u.jp
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Fig. 1. Inhibitory effects of CQ on virus replication and infectivity of HCoV-229E. (a) Effect of CQ on the released virus in supernatants. L132 cells were treated
with indicated concentrations of CQ and adsorbed with HCoV-229E at an MOI of 3. RNA was extracted from culture supernatants and used for reverse transcriptional
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eal-time PCR at 3 h post infection. The amount of viral RNA in CQ-untreated
ells were pretreated with indicated concentrations of CQ, and infected by HCo
or reverse transcriptional real-time PCR. Data represent mean ± S.E. in triplica

l., 2004). CQ (10 and 25 �M) inhibited the release of HCoV-

29E into supernatants significantly in a dose-dependent manner
Fig. 1a). Since CQ has both prophylactic and therapeutic antivi-
al effects for SARS-CoV (Vincent et al., 2005), its effect on
he internalization of HCoV-229E into cells was evaluated. We
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ig. 2. Involvement of p38 and ERK in the infection of HCoV-229E. (a) Effect of CQ
h with or without CQ and infected with HCoV-229E at an MOI of 3. Cytoplasmic pr

pecific antibodies against indicated MAPKs. (b) Effect of p38 inhibitor SB203580 on
specific p38 MAPK inhibitor, subsequently adsorbed with HCoV-229E at an MOI
iability was measured. The absorbance of CQ-untreated cells was calculated as 100
t 0, 4, 10, and 25 �M of p38 inhibitor. L132 cells were pretreated with indicated con
xtracted from culture supernatants were used for reverse transcription real-time PC
as calculated as 100%. Data represent mean ± S.E.M. of triplicates.
as calculated as 100%. (b) Effect of CQ on the cytoplasmic viral RNA. L132
9E at an MOI of 3. At 3 h post infection, cellular RNA was extracted and used

uantified the HCoV-229E RNA incorporated into the cells at 3h

ost infection by real-time RT-PCR. The ratios of viral mRNA
o 18s rRNA in the reactive units of quantitative real-time PCR
ere determined. The amount of viral RNA incorporated into

he cells was not significantly influenced by CQ (Fig. 1b). These

on the phosphorylation of p38 MAPK and ERK. L132 cells were pretreated for
oteins extracted at 90 min post infection were immunoblotted and reacted with
the CPE. L132 cells were treated with indicated concentrations of SB203580,

of 3. At 72 h post infection, the cells were stained with crystal violet and cell
%. (c) Effect of p38 inhibitor SB203580 on the viral RNA load in supernatant
centrations of SB203580 and adsorbed with HCoV-229E at an MOI of 3. RNA
R at 72 h post infection. The amount of viral RNA load in CQ-untreated cells
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ata demonstrate that CQ has no influence on the process prior
o the internalization of HCoV-229E into L132 cells.

Since CQ was not involved in the process of internaliza-
ion of HCoV-229E into the cells, we examined its effect on
he activation of p38 MAPK and ERK, since they might be
nvolved in the process after internalization. The activation of
38 MAPK and ERK at 90 min post infection (p.i.) was exam-
ned by immunoblotting. The HCoV-229E-infected cells were
arvested at 90 min p.i. and the lysate protein concentration
as determined by the Bradford assay (Bio-Rad). Extracted
rotein (20 �g) was separated on 10% SDS-polyacrylamide
els and then transferred to a polyvinylidene difluoride mem-
rane (Millipore). The membranes were blocked with skim
ilk and incubated with primary antibodies to phosphory-

ated p38 MAPK, phosphorylated ERK, p38 MAPK (Cell
ignaling Technology), and ERK (BD Biosciences Pharmin-
en) overnight at 4 ◦C. The membranes were washed and then
ncubated with 1:2000 dilution of peroxidase-conjugated anti-

ouse immunoglobulin for 1 h. Proteins were visualized with
uperSignal West Dura substrate reagent (Pierce) in the linear
ange on X-ray films.

HCoV-229E infection induced the phosphorylation of p38
APK which was inhibited by 25 �M CQ. Representative

esults are shown in Fig. 2a. However, the phosphorylation of
RK was enhanced 1.4- and 2.4-fold by CQ with mock and
CoV-229E infection, respectively, while the status of ERK
as not significantly affected by HCoV-229E infection at 90 min
.i. These data demonstrate that CQ can neutralize the effect of
CoV-229E-infection on p38 MAPK.
To confirm the role of p38 MAPK in the HCoV-229E viral

eplication, p38 MAPK activity was blocked with its inhibitor
B203580 (10 and 25 �M) which had no effect on cell viability
data not shown) but significantly mediated a dose-dependent
nhibition of CPE (Fig. 2b). This indicates that p38 MAPK acti-
ation is required for CPE induced by HCoV-229E. To examine
f p38 MAPK is involved in the viral replication of HCoV-229E,

he effect of SB203580 on the HCoV-229E released in culture
upernatants was tested. SB203580 significantly reduced viral
iters in a dose-dependent manner (Fig. 2c), demonstrating the
nvolvement of p38 MAPK in HCoV-229E viral replication.
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We demonstrated that CQ inhibits HCoV-229E replication.
dditionally, our results revealed that CQ inhibits the activa-

ion of p38 MAPK in HCoV-229E-infected cells and evokes the
ctivation of ERK independently of infection. Our study demon-
trated that CQ inhibits the activation of p38 and SB203580
p38 inhibitor) suppresses viral replication. This suggests that
Q may inhibit the CoV replication by suppressing the p38
ctivation.
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